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0 Acryilc copotymers and method of making the same. 

0 The present invention provides novel acrylic block copolymers and a metiiod of making the same by use of 
an Iniferter as a meax)s of promoting, controlling and terminating polymerization: The method involves mixing an 
Inlferter with a first polymer charge of acryfic nrKHiomer polymerizable to an acrylic block, exposing the mixture 
to an energy source to cause the inlferter to dissociate to form free radicals, pennitting the first nwnomer charge 
to polymerize, tennlnating the exposure, adding a second monomer charge polymerizable to a second polymer 
block and again exposing the mixture to produce free radicals, permitting the second monomer charge to 
'polymerize, and terminating the second exposure. 
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ACRYUC COPOLYMERS AND METHOD OP MAKING THE SAME 



Technical Field 

This invention relates to acrylic block copolymers and a method of maJdng the same. 

5 

Background Art 

Various metfKKJs of producing acrylic block copolymefs are loiown. AcryHc monomers which have been 
polymerized randomly by convwrtfonal themial Initiation techniques to produce polymers which may be 

TO formed into films or sheets or used as protective coatings have been known for many years. The Inherent 
resistance of acrylic polymers to oxidation endows films, sheets and coatings of such polymers with good 
aging and weatherablilty properties. The films for the most part are dear, making them suitable for certaan 
optical applications. Acrylic copol^ers have also been widely used in adhesive applications and in 
particular as pressure-sensitive ac^esives. The combinatton of nronomers are, of course, diametrically 

IS different from those required of acrylic copolymers that are to be used to make flims and protective 
coatings. 

it is generally recognized that control of the polymerization to produce a block copolymer is desired in 
the production of useful copolymers. Control has not always been an easy task according to prior art 
methods. 

20 

DIsctosure of the Invention 

The present InventkMi pmvkles acrylic block copolyn)^ and a method of making the same by 
26 utilization of an Inlferter as a means of promotktg, controlling and tejrminatlng polymerizatkjn of the 
copolymer. 

The term •Inlferter" refers to a chemical compound that has a combined function of being a free radical 
inrliator. tran^ ^ent and terminator, the tarn "Iniferter" being a word formed by the underlined portions 
of the terms identifying these functions. This term and Its use in a productkw of btock copolymers is well 

30 known, partteulariy because of the woric of Takayidd Olsu of the Department of Applied Chemistry, Osaka 
City University, Osaka. Japai. This work Is discussed, for example, in an arttele by Otsu at al ^titled 
"living Radk»l Polymerizations in Homogeneous Solution by Using Organic Sulfides as Photointferters", 
Polyrner Bulletin, 7. 45-50 (1982) and an article by Otsu et al entitled "Uving Mono- and Biradical 
Polymerizations in Homogeneous System Synthesis of />a and ABA Type Btock Copolymers*. Polymer 

35 Bulletin. 11. 135-142 (1984), Despite tfie ratiier detailed descripton of making block copolymers according 
to such disclosures, tiiere is no disclosure of making ttie type of acrylic block copolymers herein claimed. 

The present Invention provides tafior-maje acrylic btock copofymiers. The control of the polymerization 
provided by the iniferter technology permits *'taiioring* of the acrylic block copolymer so that a wide 
spectrum of physical properties can be introduced. Polymerization is accomplished by sequential poly- 

40 merizadon steps. 

The acryfic block copolymers of tiie present invention generally have optical clarity and are resistant to 
oxidative and photochemical degradation. The acrylic block copofynners of tiie invention can be used where 
conventional block copolymers are employed, for example to make shaped articles, sheet materials, and tfie 
like. Many of tiie sheets are clear polymeric films. The films are also quite flexible wftiiout iDeing brittie and 

4S unexpectedly craze-resistanL 

Specifically, tiie block copolyma- is made by a metiiod which has tiie foltowmg steps: 
(a) mixing (1) an iniferter represented by ttie general fomnula l(T)„ capable upon being subiected to 
an appropriate energy source of forming free radicals lOo and nT* wherein n is an integer of at least 2» I* 
is a highly reactive free radical capaWe of Initiating free radfcal polymerization, and T^ is a less reactive 

60 free raJical which Is generally much less capable of initiating free radical polymerization tfian I* but will 
rejoin with !(•), or a free radical polymer segment free radically polymerized witii !(•>„ upon tainination of 
sakj energy source and (2) a first monomer diarge selected from tiie group consisting of (i) acrylic 
monomer polymerizable to form an acry/ic polymer block having a glass transition temperature of less than 
O'C and Oi) monomer polymerizable to form a tiiennoplastic polymer block having a glass transition 
temperature of at least 50' C which is free radically polymerizable in tiie presence of lO^ to fomi a first 
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polymer blodk; 

(b) exposing the mixture of (a) ta an energy source capable of forming free radicals !(')„ and nT*; 

(c) maintaining the exposure of (b) until said first monomer charge polymerizes with \{*)n to fonm a 
free radlcai polymer segment represented by the formula l(B*)n wherein B represents said first polymer 

5 block formed of said first monomer charge: 

(d) terminating said exposure whereby to cause l(B*Ki ^ ^ combine to form a polymer 
represented by the formula \{BTU 

(e) mixing l(BT)n with a second monomer charge which is the member of the group consisting C3i 
monomer 0) and monomer (ii) which was not selected as said first mononner comprising monomer which is 

ro firee radically poiymerlzable in the presence of I(B*)a to a second polymer block: 

(0 exposing l(BT)„ to an energy source capable of forming free rgdlcais kB')^ and nT'; 
(g) maintaining the exposure of (f) untif said second monomer charge polymerizes with I(B*}q to form 
a free radical block copolymer segment represented by the formula l(BA*)a wherein A represents said 
second polymer btock formed of said second monomer charge; and 
IS (h) terminating the exposure of (f) whereby l(BA*)„ and nT* combine to form a blodc copolymer 

represented by the formula l{BAT)o- 

The bkx:k copolymer of the invention is an ABA type copolymer whk:h can be represented by the 
general fonmula t(BAT)n 
wherein 

20 I represents a radk^J derived from the free radical initiator I* of an iniferter of the formula l(T)a as previously 
defined; 

T represents a radk:al derived from the free radical terminator T* of iniferter l(T)„ 
n is an integer of at least 2; 

B ts a first poiyn^r block selected from the the groop consisting of (i) a polymer bkx:k having a glass 
25 transiiton temperature of less than 0*C and (ii) a nonmaiiy thermoplastic polymer blodk ha^ng a glass 
transition temperature of at least 50* C; and 

A is asecond polymer btock whteh Is the member of the group consisting of polymer block (1) and pofymer 
bkx:k (It) which was not selected as said first polymer block. 

The preferred block copolymers are those wherein n is an integer of I! to 12. most preferably 2 to 6. 
30 The preferred weight ratio of acryBc polymer blcx^k to themioplastk: polymer bk>ck in the copdymer is from 
about 5:95 to 40:60, most preferably 10:90 to'30:70. 

Prefenred btock copolymers have an elastomeric block whtoh is fonned of monomer comprising from 
about 75 to 100 percent by weight of at feast one monomeric acryfic-or methacryiic add ester of a non- 
tertiary atoohoK the alcohol having from 1 to 14 cartson atoms with the average numtser of cart>on atoms 
35 being 4 to 12. Preferred monomeric acrylic or methacrylk: add ester is selected from the group consisting 
of 2-butyl acrylate. isooctyl acrylate. 2-ethylhexyl acrylate, 2-methyibutyl acrylate and n-butyl acrylate. 

The preferred monomeric material from whtoh the polymer block Is formed Is selected from the group 
consisting of methyl methacrylate, polystyrylethyt methacrylate macromer, methyl methacrylate macromer, 
BoyHc add, acrytonitrile,- isot)omyl methacrylate. r^vinyl pyrrolidone, t-butyl methacrylate, isopropyi 
40 methacrylate. and mixtures thereof. 

The prefened block copolymers according to the present invention Indude those which may be 
represented by the general fomnula 

* ( '^N-C-SABCH- ),-Y-(CH,BAS-C-M^ )^ 

< \* 

wherein 

Ri. Rz. Ra and R4 are aliphatic, aromatic, or substituted aromatic moieties (preferably Ct-4 aBphatic 
moieties), which can be the same or different and which do not substantially interfere with the at^ility of I* to 
promote free radical polymerization or with T* to recombine with I* or a polymer free radical segment 
Induding t*: 

y is a linking group having a functionality of x + y which does not substantially interfere with the ablRty of !• 
to promote free radical polymerization or the ability of T* to recombine with f or a polymer free radical 
segment induding I*; and 

X and y are each integers of at least 1 and the sum of x -»>y is not more than 12. 
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TIw most preferred block copdymers according to (he inventibn are ffwse represanted by the (bimub 



The most preferred Iniferters for producing the ABA blodc copolymers according to the present 
^0 invention are seiected from the group consisting of xytybne bis (N^f^ielhyl dmiiocarbamate) and xyfyiene 
bis (M-carbazoIyi dithiocarbamate). 



Sest Mode for Carrying Out The Inventfon 

fS 

The acrylic monomer of the elastomeric block as previously mentioned. Is a monomeric acryiic or 
methacrylic add ester of a non-tertiary alcohol, said alcohol having from 1 to 14 carljon atoms vwth the 
average number of cartxMi atoms being about 4-12. Examples of such monomers include the esters of 
acrylic add or methacryiic add witfi non^tertiary alkyi alcohols such as l^utanol, 1-pentanol, 2-pentanol» 3- 
20 pentanol. 2-methyl-1-bulanol, t-melhyl-1-butanol, l-methyM-pentanol, 2-methyM-pentanol, 3-m6ihyl-l-perH 
tanol. 2^thyi-1-butanol, 3A5-trimethyl-1-hexanol. 2-ethyl hexanoL 3^tanol, 2-a:tand. 1-decanol» 1- 
dodecanol, aid the Ifte. Such monomeric acrylic or methacryfic esters are known in the art and many are 
commerdally available. 

Ih0 elastomeric block may Indutio as a comonomer a macromolecular monomer, sometimes r^erred 
25 to as a •macromer". Such a monomer nnay also be Muded in the thenmoplaslfc polymer bkwk as a 
comonomer. Such a monomer is a pdymeric material having a copolymerizable vinyl ^up with which the 
acrylk; monomer and other monomers (If more thaa one is used) will copolymerfze under the polymerizalion 
conditions. 

The vinyl-tenninated polymeric monomers useful in the present Invention are known and may be 
30 prepared by the method disclosed t>y Husman et al, U.S. Pat No. 4.554.324 descrK>es the preparatk^ of 

the vinyl-tenninated polymeric monomers. The most prefen-ed macromotecular monomers mclude poiy^ 

styrylethyi methacrylate macromer and polymelhyl methacrylate macn>mer. 

According to Husman, such monomers are known and may be prepared by the method disclosed by 

Miflcovich et al as desdri^ed U.S. Pat Nos. 3.786,116 and 3,842.059. As dl^dosed therein, vinyMenwinated 
35 polymeric monomer is prepared by anionic polymerization of a polymerizable monomer to fbnm a living 

pohrmer. Such monomers indude those having an definto group, such as the vinyl-containing compounds. 

Living polymers are conveniently prepared by contacting the monomer with an alkaU metal hydrocarbon of 

aHcoxkle salt in the presence of an Inert organic diluent whid) does not partteipate in or interfere with the 

polymerization process. Monomers whfch are susceptible to clonic polymerization are well known. 
^ Illustrative species incfejde vinyl aromatic compounds such as styrene, alpha-methytetyrene, vinyltoiuene 

and its Isomers. Other monomers su»:»ptible to ank)nic polymerization are aiso useful. 

The inrtialors lor anionic polymerizatfon may be any of the alkali metal hydrocaribons of alkoxide salts 

which produce a mono-functkjnal living polymer. i.e., oniy one end of the polymer contains a reactive ton. 

Such Initiators incKide the hydrocarbons of lithium, sodium or potassium, for example, having an aikyi 
45 radteal containing up to 20 carbon atoms or more, and preferably up to 8 carbon atoms. Illustrative alkali 

metaJ hydrocarixms Indude ethylsodium'. propylsodium. butylpotossium, octyl-potassium, phenylsocfium, 

ethyliithium. butyllithium, sec-butyl«thlum, IsobutyllHhium, tertoutyliithlum and 2-ethylhacyillfhium. Sec- 

butyliJthium is ^ preferred initiator. 

The inert organic diluent utitized to tedtities heat transfer and adequate mbdng of the initiator and 
so monomer preferably is a hydrocarbon or an ether. Useful diluents indude saturated aliphatic and 

cydoaliphatic hydrocarljons such as hexane. heptane, octane, cyctohexane and the like. In addition. 

afiphatfc and cycHc ether solvents may be used, for example, dimethyl ether, diethyl ether, and 

totrahydrofuran. 

The amount of initiator usually dictates the mdecular weight of the living polymer. If a small portion of 
55 initiator is used, with respect to the amount of monomer, the molecular weight of the living polymer wiH 
generally be larger than if a large portfon of Initiator Is used. It is generally advisable to add initiator 
dropwise to the monomer until the persistence of the characteristic color of the organic anion is observed, 
then the calculated amount of ttie irv^ator is added for the molecular weight desired. The preliminary 
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dropwise aWition servos to destroy contaminants and thus permits ijettar control of the polymerizatkMi. 

Qenerajfy, the initiatof concentration can vary from alwut 0,01 to about 0.1 mole of actWe alkali metal per 

mole of monomer, or higher. Preferatjiy. the concentration of the initiator will be from about 0.01 to about 

OM mole of active alkaii metal per mote of monomer. 
5 The temperatiffe of the polymerization will depend upon the monomer. Generally, the reaction can be 

carried out at a temperature ranging from about -100* C. up to about too C. 

The anioTttc polymerization must be canried out under controlled condHtons so as to exclude substances 

which destroy the Inrtiator or living anion. Water and oxygen must be excluded. The polymerizatkDn 

therefore is carried out under anhydrous conditions In an Inert atmosphere such as nitrogen, helium or 
10 argon. 

The living polymers may bo terminated in several ways. It is important, however, that conditions be 
selected to provkJe a quantitative tennlnatlon free from side reactions. Under certaki cohditfons the fivfng 
polymeric anion may be allowed to react directly with halogen-containing terminating agents to produce, for 
example, vinyl-terminated polymeric monomers. In many cases, however, the polymedc anion is highly 

75 reacfiva and non-selective in Its reaction with the temilnating agent In addltton to displacement of the 
hak)^ atom, it may abstract hydrogen atoms or react with other functional groups present Including the 
vinyl group Itself. This results In polymer chauis which are non-functidnal or of unwanted functionality and 
molecular weight Occasionally, under these conditions, a vinyl-terminated polymer may be attached by 
Mng anion and Its functionality destroyed. 

20 One means for overcoming the foregoing problem Is to render the living anion less reactive, thus less 
susceptible b> side reactions, by "capping" with a less reactive end group prfor to actual termination. 
Examples ol suitable "capping agents" inchide k»wer alkytene oxides such as ethylene and propylene 
oxide, and 1,1-diphenyl-ethylene, etc. A prefen^ed capping agent Is an alkyiene oxide, such as ethylene 
oxkto. The capping agent reacts with the living polymer, destroying Its oxirane ring* The alkoxide ank^ then 

2S displaces the hakjgen atom of the terminating agent selectively, leaving the vinyl group intact 

The capping reactfon Is canied out quite simply, as In the case of the terminating rwOion. by adcSng 
the capping i^actant to the living polymer at the polymerization temperature. The reactton occurs 
Immediately, As In the case of the termination reaction, a slight molar excess of the capping reactant with 
respect to the amount of initiator may be used. The reaction occurs on a mole for mole basis. This reaction 

30 -.Is described in Miikovich. U.S. Pat No. 3.842.059. Acconjing to U.S. Pat tto. 3,842,059, reactton with the 
termkiating agent provides the desired vinyNerminated polymedc monomer. 

A second method of termination, also useful for synthesis of the vlnyRarmlnatBd polymeric monomers. 
Invdves capping the living ankjn performed as descnl)ed prevkxisly, and the protonating ttje alkoxide kwi to 
produce a hydroxyKermlnated polymer. The hydroxyl group is then alkwed to react witfi a terminating 

as agent containing an Isocyanate group (instead of a hatogen atom) to produce the vinyl termination. Suitable 
temiinating agents for this reaction are Isocyanato alkyi acrylates and metiwcrylates having 1 to 4 carbon 
atoms In ttie alkyI group. The hydroxyl and isocyanato groups react to form a uretiwne linkage between the 
polymeric segment and ttie "nvonomeric" end group, intermediate protonation of ttw aikoxkie is necessary 
to prevent unwanted ^e reactions upon tenntnation. 

40 Alttiough U.S. Pat No. 3,786.116 teaches ti^ the molecular weight distribution of the polymer chains of 
tiie vinyhterminated polymericmonomer prk3r to copolymerization must be narrow, l.e.. less tiian 1.1 
polydispersrty, it has been found tiiat useful psa compositions ax»rding to the present Invention may 
emptey polymeric monomer having a polydlspersity of up to about 3 witiiout deleterious effects on ttie 
adheswe properties. These broader molecular weight distributions may be obtained by known variations In 

45 temperature of polymerization and tiie lithium alkali initiator used. 

The vinyl-terminated polymeric monomers useful in tiw present invention may also be prepared be 
free-radical polymerization (ratiier than anionto polymerization). Known metfiods can be used to prepare 
semi-telecheKc polymers using ttiennal free-radical initiators. An illustrative mettiod Is described in Y. 
Yamashia, K. Ito. H. Mlzuno and H. Okada, Polymer Joumal 14. 255-260 (1982) and K. Ito. N. Usamt. aiwi Y. 

50 Yamashita, Macromolecules 13,216-221 (1980). These furw:tional polymers can tiien be converted into vinyl- 
terminated monomers using standard condensation chemistry, ring opening reactions, etc. Specifically, 
carboxyiic-acid terminated tow molecular weight polystyrene can be prepared using 4.4 -azobls-<4-cy- 
anovateric acid) as an initiator and an acid-containing chain transfer agent such as HS-CHa-COOH, The 
semi-telechelic polystyrene can tiien be vinyl terminated via, for example, ring opening of glyddyl 

ss metiiacrylate. These vinyl-terminated polymers have a high polydiisperslty, 

It shoukJ be understood tiiat minor amounts of ttte monomer harming tiie 8 btock, ttw monomer forming 
tfie A block, or botti may be present as a homopolymer in ttie copolymer ttwrmoplastic composition of the 
invention. Such minor amounts of homopolymer may be produced in an unwanted side reaction during 
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polymerization of the copolymer. Such amounts wll typically ba less than 10 parts by weight of all 
homopolymor biased upon 100 parts by weight of copolymer. 

The copolymerfzation of the low Tg acrylic monomer, and the high Tg monomer to produce the 
thwmoptestic block copolymer is by step-wse free radcal polymerization The low Tg ccryltc monomer Is 
5 dissolved In a suitable Inert solvent If needed, and polymerized by a first free mdlcai polymerization 
utilizing a suitable inlferter as a free radical initiator source. Generally, from about 0.01 to about 5 percent 
by weight of Imferter based upon the totaJ w«ght of polymerizable compositton is used. 

The Inlferter is caused to dissociate to form free radicals by exposure to an approf»iate energy source. 
The preferred Inlferter is one which wil] dissociate upon exposure to a radiant energy source, most 

70 preferably an ultraviolet radiant energy source, upon exposure to the energy source, the Iniferter dissociates 
to fomi free radicals which promote free radical polymerization. Upon comprfetion of the free radical 
polymerization of the first monomer charge, e.g.. the acrylic low Tg monomer, the energy source Is 
discontinued to pemilt the free ractically polymerized segments to recombine with the terminator portion of 
the inlferter to form polymer se^nents. The second monom^ chaf£^ Is then introduced, which tor example 

16 fs polymerizable to the high Tg thermoplastic polymer block, and the new mixture is exposed to the en»^ 
source to cause dissociadon of the terminator radical and free radical polymerization of the second 
monomer charge onto the first polymer segment that now being the initiator of the second free radical 
polymerization. Upon completion of poiymerization of the second monomer charge, the energy source Is 
terminated and the tormlnator portion of the inlferter recombines wlfii the high Tg thermoplastic polymer 

20 block to provkle a block copolymer. 

The particular energy source and Its intensity are selected to result in dissociation of the inlferter to free 
radicals. When employing a photoiniferter which will dissociate upon exposure to ultraviolet light radiation, 
an ultraviolet light sc»jrce is utiized. The Intensity and rate of Irradiation are chosen to advance tiie 
polymerization at a reasonable rate wHhout deleteriously affecting tiie polymer segment being produced. An 

25 ultravtolet Bght source having a wave lengtii on tite order of 300 to 400 nm ^saced approximately 10 cm 
from tiie reactants to provide an exposure of 2 mw per square centimeter has been tound to produce 
suitable resuHs. Reaction times on the order of 2 to 50 hours have been found to be t^ical. deperniing 

. . upon the intensity of the radiation, witii faster reaction times being observed at greater Intertsities. 

The reactants and any solvent employed are charged into ah energy source-transparent vessel and 

30 ttierain sut^ected to tiie energy source. If tiie energy source Is ultraviolet »ght radiation, a sultabto ultravtolet 
light-transparent vessel is utilized. 

The reaction Is preferably conducted in a vessel with agitation to permit uniform exposure of ttie 
reactante to tiie energy source. While most of tiie reactions have been conducted by employing a batoh 
process, it is possible to utilize tiie same technology in a continuous polymerization operation. 

ds The reaction mixture may include a suitable inert solvent but It is not necessary since some of the 
monomeric materials iiqdd tiiemselves and may tiius be charged Into tiie reaction vessel wtihout 
utilization of a solvent 

The solvent if utilized in tiie free radical polymerization, may be any substance which is liquid in a 
temperature range of about -10* C to about 50 *C. Is substantially tran^arent to tiie energy source 

40 employed to permit dissociation of ttie miferter to form free radicals, is inert to tiie reactants and product 
and will not otiienmse adversely affect tiie reaction. Suitabfe solvente Include water, alkyl acetates such as 
etttyl acetate, alkanes such as hexane or heptane, and alcohols such as metiiyl alcohol, ethanol, Ispropyl 
alcohol, and mixtures of one or nrtore of these. Other solvent systems are useful. The amount of solvent is 
generally about 30 to 80 percent by weight based on ttie total weight of tiie reactants and solvent In 

46 addition to solution polymerization herein described, tiie copolymerization may be carried out by otfier well 
known techniques such as suspension, emulsion and bulk polymerization. 

The copolymer may. when necessary or desirafcite. be blended witii a compatible modifier In order to 
optimize physical properties. The use of such modifiers is common in the art. For example, it may be 
desirable to include such materials as plgmerrts, fillers, stabilizers, or various polymeric additives. 

50 The copolymers prepared in accordance with tiie present Invention are easily shaped by conventional 
techniques and equipment to pnxtuca shaped articles, sheet goods, or other useful shapes. 

It shouM be noted ttiat while tiie polymers of the present invention have improved toughness witiiout 
subsequent cross-linking. If necessary, further soh^ent resistance and resistance to photochemical or 
oxidative forces may be obtained by cross-linking by emptoying radiant energy or chemical procedures. 
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The follovmig detailed description includes exemplary preparations of ABA aoyfic block copoiymers in 
accordance with the invention. All parts and percentages in the exantples are by weight uniess othenvise 
specified. 

s 

Defif^ons of Terms 



The number-average moiecuiar weight {MJ, and weight-average molecJ^Jar weight (M^), are well Icnown 
70 mathematicsi descrfptlons of the moiecular weight distribution of a poiy^riidr sample. 

Each of the foregoing is a well known term used by poiymat chemists and others. Further explanation 
of the derivation of these temis may be found in Experimental Methods In Polymer Chemistry. Wiley and 
Sons, 1981 . Chapter 3 entitled "Vtotecular Weight Averages", pages 57-61. 

The block copoiymers of the present invention are described In a short-hand way depending upon the 
IS monomer forming each bkx^k. For example, MMA-b-BA-b-MMA refers to a copolymer having block ("b'^ of 
polymerized methyl methacrylate {"MMA") and a block of polymerized butyl acryiale CBA*), For exampie, 
MMA-b-BArb-MMA refers to an ABA block copolymer having two A (pdymethyl methacrylate) bkxrfcs and a 
single B midbkx:k (poly*butyi acryiate). 

20 

Test Methods 



The test methods used to ev^uate the block copolymers of the examples are industry standard tests. 

2S The test methods whfch characterise the polymers of this invention are those whteh demonstrate Its 
molecular architecture. The gel pennneatton chromatography (6PC), inherent viscosity 0.V.) modulus, 
pendent ekxigation, and tensile strength measurement results have been obtained. The standard ^sts are 
descn'bed In detail in various pubffcations of the American Society for Testing and Materials (ASTM), 
Philadelphia, Pa. The standard test methods are described in detail bek5w. The reference source of each of 

30 the standard test methods is also given. 



Gel Pemieatlon Chromatography 

The characterization of the molecular weight distribution of the polymers has been by conventional gel 
permeatton chromatography (GPC). 

A Hewlett-Padcard Mod^ 1084B, high perfonnance fiquld chromatograph equipped with StyrageHM 
cdumns was used. The system was calibrated using polystyrene standanis. All molecular weight averages 
40 are polystyrene equivalent molecular weights. The molecular weight averages and polydispersities were 
calculated according to accepted practices. GPC test methods are . further explained in "Modem Size 
Exclusion Liquid Chromatography" Practfce ^ Gel Permeation Chromatography. Mm Wiley and Sons. 
1979. 

Modulus " Elongation- Tensile Measurements 



The mechanical properties of the toughened, non-brlttle. thermoplastic Blms fonned from the 
so copolymers of this invention were measured according to the procedures established by the American 
Standard Test Methods (ASTM) which can be found under the designations: 0412-83. "Rubber Properties 
in Tenskjn" and D 638M-84. "Tensile Properties of Plastfcs". 

Preparation of films for test purpose; Rims were cast from solution upon a substrate which pemnitted 
subjecting ttw film to 16 hours of drying In a vacuum oven at 50* C. The film tfius fonmed was cut to 
55 standard dumbt>eti shapes to provide test samples for insertion in the Jaws of an InstronTM tensile test 
instrument where it was tested under ambient conditions in a testing room controlled at 23* C and a 
humidity of 

The prescribed dumbbeil-shaped specimens were stretched at a constant rate fo me breaking point. 
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The tensilo strength at break was recorded. The elongation was expressed as a percentage of the original 
length. The moduJus {Stiffness) and tensile strength were calculated based on the following formulae where 
•^orce" is repressed in Newtons (N). iinear dinriensions In meters and the modulus and tensile units are 
expressed as megaPascate (MPa). 

5 

Tensile « Ftoroe 



Width X Thickness 

10 

ME3duLus = Force x Initial Length 

Width X IMckness x Final Length 



% Elcaigation 

at break « final length - cariginal length x 100 

original length 
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Inherent VIscosfty Measurement 

SB 

The inherent viscosity is measured by conventional means using a Cannon-Fenslce #50 viscometer in a 
water balh controlled at 25* C to measure the flow time <rf 10 mi of a polymer solution (0,2 g per deciliter 
polymer in methyl ethyl ketone). The examples and comparative, examples were run under identical 
a)ndltions. It is the comparath/e values which are signiflcart and abso^ * 



Bcampie 1 



35 

Miy/IA4>BA4)>MMA 



A cylindrical reaction bottle was charged with 36 grams of butyl acrybte (BA), 0.2 grams of xylylene bis 
{N.JvWiettiyWi(hlocarbamate) (XDC) and 21.3 grams of ethyl acetate. The mixture was purged with nitrogen 
for 10 minutes before sealing and pladng the sealed botde in a roller mechanism. The rotating, sealed 
bottle was exposed for 39 hours to ultraviotet radiation from General Bectric 15 watt black light lamp. At this 
pdnt the ultraviolet source was turned off. the reaction bottle was unsealed then 65.6 grams of methyl 
methacrylate (MMA) and 21.3 grams of ethyl acetate were added to the polymerized butyl acrylate. Purging 
^ for 10 minutes with nitrogen followed before the reaction bottle was re-seaied and placed in the roller 
mechanism for further exposure to ultraviolet racfiation which continued for ^ hours. The resulting tribtock 
copolymer solution was removed. The compositton of the resultant polymer was determined by NIWR 
spectroscopic analysis. A thin film was cast and dried to be subjected to mechanical tests. The results of 
these tests are reported in Table I, Example 1 . 



Examples 2, 3.4and5 



The procedure of Example 1 was followed. The same monomers were charged but at different ratios 
and the exposure to ultraviolet and the amount of photoiniferters* was varied. The resuniriQ range of 
molecular weights and inherent viscosities show how modulus, etongation and tensile performance of the 
toughened thermopiastte film can be altered. 
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Table I 
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Segmented Triblock Copolymers MMArb-BA-b-MMA 










Performance Data 


Ex. 


Composition 


Moldcufar 


I.V. 


Modulus 


Bong. 


Tensile 




BA/MMA 


Weight 


Km) 


(MPa) 


(%) 


(MPa) 


1 


35/85 


167,780 


0.71 


1,054 


4 


29.1 


2 


29^1 


182,345 




939 


5 


30.5 


3 


31/69 


100,889 




1,239 


7 


38.8 


4 


36/62 


109,188 


0.47 


738 


17 


24.2 


5 


3om) 


94,600 


0.48 


659 


21 


25.0 



Examples 6, 7, 8 and 9 
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The preparation of these segmented triblock copolymers of 2-butyl acrylate {2-BA) and methyl 
methacryfate (MMA) were carried out by the procedure described In Example 1, The photoiniferter was 
xylylene bis diethyhdithUxarbamaie) pODC). The exposure to ultavtolet radiation was In the same 
range. The results of the mechaiical tests perfbrmed on dried thin films of these copolymers cast from 
solvent are reported in Table II. 

Table ir 
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Segmented Triblock Copolymers MMA-b-2-8A-b-Mft/^ 










Perform'ance Data ' 


Ex. 


2-BA/MMA 


Molecular 


LV. 


Modulus 


Eiong. 


Tensile 






Weight 


(dl/g) 


(MPa) 


(%) 


(MPa) 


6 


38^62 


119.889 


0.55 


758 


25 


25.8 


7 


28/72 


111,564 


0.53 


1.080 


29 


24.5 


8 


35/65 


60*208 


0.75 


710 


21 


25.8 


9 


32/68 


70,785 


0.54 


842 


10 


29.9 
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Comparative Examples of Random Thenmopiastic Polymer by Thermal Technique 



BA/MMA 
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Example A 



A solution of monomers was prepared by charging 10 grams of butyl acrylate (BA) monomer; 90 grams 
of methyl methacrylate (MMA) monomer; 0.3 grams of 2,2'-azobis (isobutyronitrite) initiator (commerdally 
56 available as VAZO 64TM) and 100 grams of ethyl acetate solvent to a reactor bottle. The charged bottle was 
purged with nitrogen to remove oxygen, then sealed and placed in a rotating water bath where it was 
tumbled Ibr 24 hours at 60* C to complete conversion measured by nuclear magnetic resonance (NMA) 
technique. The resulting random copolymer solution was removed from the reaction bottle. A thin film was 
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cast and dried then subjectsd \o mectianical tests. The resutts of these tests are reporXidd to Table III, 
Example A. 



5 Examples B and C 



The preparation of these random copolymers by conventional thermal techniques was carried out using 
the same f^ooedvm used to pi^pare Example A. The amount of the soft butyl acrylate (BA) monomer was 
raised from initial 10 parts to 50 parts with the corresponding decrease from 90 parts of methyl 
methacrylate (MfVIA) to 50 parts. TTie molecular weight nanges and the Inherent viscosities varied due to tfie 
conditions of poiymedzatron. 

Table 111 





Non-Segmented- 


-f^andom Copolymers 












Performance Data 


Ex, 


Composition 


Moteoilar 


LV. 


Modulus 


Elong. 


Tensile 




BAMWK 


Weight 


(dl/g) 


(MPa) 


(%) 


(MPa) 


A 


1Q/S0 


147,583 


0.61 


1,657 


3 


60.1 


8 


30/70 


132.001 


0.69 


1.136 


Z7 


37.4 


C 


50/50 


108,375 


0.76 


439 


183 


11^ 



Table tit s^ows the advant^es of segmented copoiymers of Tai>les I and II over the random, non- 
segmented, otherwise sinollar butyl acrylate (JBA) and methyl methacrylate (MMA) copolymers. For example, 
when the ilahdom 30:70 BA:MMA of Table III is compared to the lower moleculai weight (111,564) example 
28:72 of Table II its eiongation of only 2.7% is in shap contrast to almost 30% elongation of tribiock 
MMA/2-BA/MMA of ttie invenfion. This clearty demonstrates the effectiveness of Imparting ftexIbiBty by 
having BA contributing its rubt>er properties in block-form which does not signtficantiy reduce the modulus. 

While this invention has been described in connection with specific embodiments^ it should be 
understood that it is capat>le of further modification. The cia^s herein are intended to cover those 
variations which one skilled in the art would recogi^ze as the chemical equivalent of what has been 
described here. 



Claims 

1 . A copolymer characterized by the general fomiula i(BAT}„ 
wherein 

I represents the free radical initiator portion of an inrferter of the formula 1(T)q 
T represents the termination portion of said idferten 
n is an integer of at least 2; 

8 represents a first polymer block setected from the group consisting of (i) an elastic acryPic polymer block 
having a glass transition temperahjres of less than O' C; and (IQ a normally thermoplastic polymer bk>ck 
having a glass transition temperature of at least 50* C; and 

A represents a second polymer block selected from the group consisting of polymer bk)ck (i) and polymer 
block (fi) wNch was not selected as s^d first polymer bkx:k 

the weight ratio of saki acrylic polymer block to said thermoplastic block in said block copolymer being 
from about 5:95 to 40.*60. 

2. Thie copolymer of claim 1 further characterized by said elastk: acrylic polymer block bemg formed of 
a monomer comprising at least one monomeric acrylk: or melhacrylic add ester of a non-t^ary alcohol, 
saki ateohol having from 1 to 14 carbon atoms with the average numtier of carbon atonns being about 4 to 
12. 

3. The copolymer of claim 2 further characterized by the selection of said monomeric acrylic or 
methacrylic ackJ estar from the group consisting of 2*butyl acrylate, Isooctyl acrylate. 2-ethyliiexyl acrylate, 
2-methylt7utyi acrylate, and N-butyl acrylate. 
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4. The copolymer of cteJm 1 further characterized by the formation of said thermoplastic polymer l^ock 
of monomer selected from the group consisting of methyl methacrylate, polystyrylethyl methacrylate 
macromer, methyl metha:rylate macromer. acrylic add, acrylonltrile. isobomyl methacrylate. N-vinyl pyr- 
rolkione. t-butyi methacrylate, Isopropyl methacrylate and mixtures thereof. 

5. The copolymer of daim 1 represented by the formula 

\ » « /' 

( !l-C-SABCH,),-Y-(CH,8AS-d-M 



wherein 

79 Ri. Ra. F^, and are aliphatic or aromatic mdeties which can be the same or different and which do not 
substantially Interfere with the ability of I* to promote tree radical polymerization or with the abiSty of T* to 
recombine with r or a polymer free radical segment including I*; 

y is a linking group having a functionality of x+y which does not substantially interfwe with the ability of I* 
to promote free radical polymerization or the ability of T' to recombine with I* or a polymer free radical 
20 segment including i* : and 

X and y are each Integers of at least 1 and the sum of x-t-y is not more than 12. 

6. The copolymer of claim 1 further characterized by the representation by the formula 



2S 



N-C-SABCHjV' \VcHjBAS-C-M 



7. The copolymer of clam 1 further characterized by the selection of said iniferter from the group 
consisting of xylylene bis (N.ff<fiethyl dithiocarbamate) and xytylene bis (N-carba;2K>lyl dithlocarbamate). 
a A sheet material further characterized by comprising the copolymer of claim 1. 
a A method of maldng a copolymer further characterized by comprising the steps: 

(a) mixing (1) an iniferter represented by the general fonmula l{T)„ capable upon beir^ subjected to 
an appropriate energy source of forming free radicals K')n and nT* wherein n is an integer of at least 2, I' 
is a highly reactive free radical capable of initiating free radical polymerization, and T* is a less reactive 
free radical which is generally much less capable of initiating free racBcal polymerization than I* but will 
rejoin with !(•)„ or a free radical poiymer segment free radically polymerized with lO,. upon termination of 
said energy source and (2) a first monomer charge selected from the group consisting of fi) acrylic 
monomer polymerizabie to fomi an acrylic polymer block having a glass transition temperature of less than 
O'C and (ii) monomer polymerizabie to form a thermoplastic poiymer block having a glass transition 
temperature of at least 50* C which Is free racScaily potymertzable in the presence of to form a first 
polymer blodc 

(b) exposing the mixture of (a) to an energy source capable of fomiing free radicals \{*)n and nT^; 

(c) maintaining the exposure of (b) until said first monomer charge polymerizes with lC)o to form a 
free radical polymer segment represented by the tonnula KB')b wher»n B represents said first polymer 
bktck fbnned of said first mononer charge: (d) tenmlnating said exposure whereby to cause l(8*)i, and nT* 
to combine to fonn a poiymer represented by the fomiula I(BT)„; 

(e) mixing l(BT)„ with a second monomer charge which Is the member of the group consisting of 
monomer (1) and monomer (II) which was not selected as saki first monomer compriang monomer which is 
free radically polymerizabie in the presence of l(B*)« to a second polymer block; 

(f) exposing KBT)„ to an energy source capable of forming free radk:als KB*)n and nT'; 

(g) maintaining the exposure of ff) until said second moru}mer charge polymerizes with 1(8*)^ to form 
a free radical bkx:k copolymer segment represented by the formula l(BA*)i> wherein A represents said 
second polymer block tormed of saki second monomer charge; and 

(h) terminating ttw exposure of (f) whereby l(BA*)« and nT* combiiw to form a btock copolymer 
represented by the fomiula i(BAT)n. 
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